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A Climate-Resilient Modular System Integrating Water Infrastructure 

and Earthen Construction in Mediterranean Coastal Settlements

Towards a resilient mediterannean future

Almeria case
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Wildfire risk Drought and water shortage risk
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How can a place-responsive modular architectural sys-
tem, grounded in earthen materiality and layered system 

design, enhance climate resilience in Mediterranean 
coastal settlements facing water scarcity and wildfire 

risk?
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challenges

freshwater 
scarcity 

wildfire 
risk 

Locally sourced
materials

Earthen construction systems

Sea water desalination-
purification 
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“a house is a machine for living”
Le Corbusier

climate resilient machine
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methodology
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methodology

problem

research

site

system

cluster

house

construction
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Structural 
capacity

Earthen
Materials

Adobe

Cob block

Compressed
earth blocks

Rammed 
earth

Light clay

Hempcrete

Fire 
behaviour 

Moisture 
resistance

Thermal
performance

Construction
logic

Optimization 
Potential 

Main 
Limitations

Non-combustible

Non-combustible

Non-combustible

Non-combustible

Non-combustible

Low flame spread 

Excellent 
insulation

Excellent hygro-
thermal regulation

Very high thermal 
mass

High thermal mass

High thermal mass

Very high thermal 
mass

Modular masonry

Hand-placed

Industrialized 
masonry

Formwork-based

Infill panels

Cast-in-place

High – lime and 
pozzolans improve 

strength and 
durability

Moderate – fiber 
and lime improve 

cohesion

Very high – lime/
pozzolans improve 
strength & durability

Very high – lime/
pozzolans enhance 

resistance

Moderate – lime 
stabilization 

possible

Moderate – mineral 
binders essential

Vulnerable to rain; 
requires stabilization 

and protection

Labor-intensive; 
limited 

standardization

Requires 
mechanical 

pressing

Construction skill 
and formwork 

needed

Structural depen-
dence on frame

Not structural

Material study
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Molding and 
compressing Rammed earth 

masonry

Lime (Calcium Oxide (CaCO3)) 
Silicon Dioxide

Optimized 
more coherent 

moisture resistant

Return to the earth
Be spalled and placed back 

to the ground

Material optimization for different 
applications of rammed earth
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Wildfire risk 

Portugal

Aspect
Climate Hotter summers, 

drought

Water 
stress

Seasonal scarcity

Wildfire risk Very high

Material 
tradition

Clay, lime, pozzolana

Settlement 
pattern

Coastal + rural

Drought risk 

Heat waves, drought

Increasing scarcity

Very high

Clay, pozzolana

Coastal + island

Greece

Wildfire risk 

Drought risk 

Spain

Extreme heat, 
desertification

Structural scarcity

Very high

Clay, adobe, lime

Coastal + inland

Wildfire risk 

Drought risk 

Common characteristics of potential sites
Problems and materiality
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Aspect

Climate Extreme heat, desertification

Water stress Structural scarcity

Wildfire risk Very high

Material 
tradition

Clay, adobe, lime

Settlement 
pattern

Coastal + inland

Wildfire risk 

Drought risk 
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Aspect

Climate Extreme heat, desertification

Water stress Structural scarcity

Wildfire risk Very high

Material 
tradition

Clay, adobe, lime

Settlement 
pattern

Coastal + inland

Wildfire risk 

Drought risk 

Case study of the research 
Almeria, Spain

Cabo da Gata 
Almeria
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Program

ability of a community to 
produce, maintain, adapt, and 

repair its own built environment
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what already exists there?
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3/4/26, 3:25 PM Spain - Castile, Aragon, Unification | Britannica

https://www.britannica.com/place/Spain/The-rise-of-Castile-and-Aragon 1/1

Andalusian landscape
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•best thermal comfort | stable int. temperature
•heat mitigation during summer
•balance / flexibility in functional programs

Vernacular architecture

•functional capacity
•flexibility | expandability
•vertical spatial organization |  air buffer be-
tween floors
•possibly more facilities of different kinds

Type 3 — Large Cortijo Complexes

Type 2 — 
Medium Agricultural Cortijos

Type 1 — Compact Cortijos
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Passive cooling principles 

Orientation

Courtyards|  water bodies| cross ventilation

Thermal mass

Buffer zones- shadings

Heat exchange through 
ventilation n’evaporation

Wind catcher

Resilience of the past
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For whom is it 
designed and built?
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Top soil

Aeolian sand

Beach sands & 
gravels

Detrital alluvial 
-coastal deposits

Conglomerate 
-sand-silt

Pliocene marine 
marl

0.3
1.5

4.0

15

15m+

Ground materiality

SW Pr. winds

E Pr. winds

M
ain road - access

0
20
32

46

32

10

0
12
28

Site analysis
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21st June

21st December

Parallel to the 

coastline

SW Pr. winds

E Pr. winds

Pa
ra

lle
l t

o 
th

e 
in

cl
in

at
io

n

 o
f t

he
 s

lo
pe

Placement - orientation on the site

Rotation of the cluster based on 
the new axis

Rotation of the cluster to regulate 
the western harsh sun exposure

Enclosed system- layout with 
paths and gaps that take 

advantage of the prevailing winds 
of the site

Zoom in | Cluster placement 
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Courtyards

Workers shared 
spaces
Private access
Residences
Public access
Material Lab | Hub

Program | Uses distribution
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Prefabrication- design possibilities | Modularity

timber ring beam

alternative space for 
future adaptation

rotation of units can allow the attach-
ment of spaces through the openings

timber 
ring beam

the result of walls and openings allows 
the connection between units

timber 
ring beam

Modularity | Expandability
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•	 Cluster floor plan 1:250 |First floor
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Type C_45 m2 

Type A_75 m2 

Type B_57 m2 Type D_50 m2 

Type E_45 m2 

1 3 50
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Cluster section 1: 150
0 2 6 10
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Cluster section 1: 150
0 2 6 10

axonometric of lanscape leveling
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Hybrid water system
Solar- SWRO desalination

Daily needs per residence

200 L/d/r
4 x 10 = 20 L/d critical need

4 x 40 = 160 L/d support 
from central network

Daily needs per cluster

1,600 L/d/c
= 1.6m3

32 x 10 = 320 L/d 

4 x 40 = 1,280 L/d

S
W

R
O

S
O

LA
R Passive solar 

stills daily 
capacity
4 L/m2/d

320 /4 = 80m2 active surface of solar stills
Safety: 100m2 of solar stills per cluster 
Fresh water tank : 1-2 m3
Sea water tank: 2 m3

Settlement level

8x 1.6= 
12.8m3 /d

SOLAR 120 x 10 =1,200 L/d=1.2m3/d

SWRO 120 x 40 =4,800 L/d=4.8 m3/d

water tank
product tank

CIP 

brine 
buffer network tank

24.5 - 30 m3 
of tanks
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Integrated Rainwater Management System

1. Rainwater Collection from Butterfly Roof 3. Treatment & Filtration

2. Rainwater Collection from Trees & Landscape 4. Water Reuse Back to the Building

Rainwater is collected 
from the butterfly roof into 
a central gutter and direct-
ed through a downpipe to 
the first filtration stage.

Collected water is directed 
to a series of natural and 
mechanical filtration stag-
es: gravel & rock layers, 
bioretention with plants, 
and optional UV or sand 
filtration. 
Clean water is stored in 
tanks for later use.

Rainfall is intercepted by 
tree canopies and falls to 
the ground. It is naturally 
filtered through soil, roots, 
and planting layers. The 
water is directed towards 
bioswales and infiltration 
zones.

Filtered water is pumped 
back for non-potable uses 
such as: toilet flushing, ir-
rigation, cleaning, cooling 
systems. 
 
Excess water is used for 
landscape irrigation or re-
charged to the ground.
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“L“ shaped residential module
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0 0.5 1 2
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0 0.5 1 2

D1

D2

D3

D4

D5 D6 D.Axo2

D.Axo1

1

2
3

4

5

6

7
8
9
10
11
12
13
14
15
16

17
18
19
20
21

22
23
24

25

26
27
28
29
30
31

32
33

Central water tank of the residence

Water collection- water body for 
evaporative cooling in the courtyard

Water filtration
Water filtration- pretreatment
Connecting pipe to SWRO d.w.s.

Pump

PV floor tiles

Solar desalination 
tank

Optimized 
stabilized r.e.

“Qanat” 
windcatcher

34

22.	 Reinforced lime trass
23.	 Rammed earth wall of 60cm
24.	 Cork insulation 10cm
25.	 Plinth opening frame- beam
26.	 Clay board and finish clay plaster 
3+1 cm
27.	 R.e. floor
28.	 Vapor membrane
29.	  Cork insulation
30.	 LC3 slab
31.	 Damp-proof membrane
32.	 Stone «sink» for water collection 
and protection
33.	 Finishing with 3% inclination
34.	 Stone foundation with lime based 
binder

1.	 Breathable Mesh for bird/ ani-
mal protection
2.	 Timber 180 x 300
3.	 Timber plank 40 x 500
4.	 Curtain metal frame
5.	 Wooden window frame – sky-
light
6.	 Timber ring beam 180 x 300
7.	 PV panels
8.	 Plywood sheathing 30mm + 
	 Waterproofing membrane
9.	 Purlins 
10.	 Timber beam 
11.	 OSB 
12.	 Joists + Cork insulation 10 cm
13.	 Timber beam 
14.	 Wooden frame to level ceiling 
joists 3cm
	 Clay board and finish clay plas-
ter 3+1 cm
15.	 Pozzolan opt. s.r.e. column 
500x 500
16.	 Ventilation pipe
17.	 Clay finishing
18.	 Joists 80 x100
19.	 Preb s.r.e board
20.	 Timber beam 200 x 300
21.	  Wooden frame to level ceiling 
joists 3cm
Clay board and finish clay plaster 3+1 
cm
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Section - Facade fragment
0 0.5 1 2
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D7

D8

D9,10

1
2
3
4
5

6
7
8
9
10
11
12

1.Wooden rail
2.Stone crown with 2% 
inclination +lime based 
binder+ In situ fabricated 
r.e.
3. Crushed volcanic gravel 
filling
4. Gutter for rain water 
collection
5. OSB board with water-
proof membrane 2.5cm
6. Low fired mud tile cov-
ering 4cm
7. Damp-proof membrane
8. R.E. prefab panels
9. Cork insulation
10. Vapor membrane
11. CEB wall 20cm
12. Clay undercoat and 
finish plaster

Section - Facade fragment 1: 25
0 0.5 1 2
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Climate analysis
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Climate analysisClimate analysis
Efficient orientation

Less western sun exposure

Advantage of east morning
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Climate analysisClimate analysis

Rammed earth high thermal mass
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Climate analysis

Water bodies for evaporative cooling of the courtyard

Deciduous trees
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Climate analysisClimate analysisClimate analysis

Cross ventilation
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30.84 °C

JAN

MAR

MAY

JUL

SEP

NOV

6am

Noon

6pm

Midnight

22.10 °C

JAN

MAR

MAY

JUL

SEP

NOV

6am

Noon

6pm

Midnight

Climate analysis
“Qanat“ windcathcer effect
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Climate analysis

PV panels for electricity needs and desalination

Climate analysis
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Construction logic and order

1 excavation on the 
site

harvest material

2 Fabrication

3 precast block

4 transport & 
construction

5 seamless 
finishing

6 building use

7 deconstruction

building process

building block
unit

reusing
formwork

future 
adaptation

future 
adaptation

reusing 
formwork

next project

Material closed loop
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Excavation for water system 
per cluster

local material extraction rammed earth construction

25m3 cicterns 
for 5 days

total excavation incl. working space + trenches = 45-60m3

2.2m

8-12 residencies = 40 people

1. Underground water system per cluster 2. Excavated material 3. Use of materials

4. Energy and CO2 emission per cluster
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Exploded axonometric of construction “ingrediedients”
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Conclusions
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Conclusions

water and material 
regulation

climate
regulation
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Conclusions

water and material 
regulation

climate
regulation

desalination water autonomy
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Conclusions

earthen construction
thermal stability
fire resistance

low environmental imact

water and material 
regulation

climate
regulation

desalination water autonomy
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Conclusions

earthen construction
thermal stability
fire resistance

low environmental imact

water and material 
regulation

climate
regulation

desalination water autonomy

architecture 
supports resilience

connection of everyday life 
with infrastructure, 

construction, 
landscape and community
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Reflections

relation to food waste of 
Almeria’s green houses

three scales design
site

building
detail

limits of expandability
energy saving - environmental 

impact balance changes
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Reflections

same modular system

WATER + EARTH + 
COURTYARD + CLIMATE

COMMUNITY LOGIC

How can a place-responsive modular architectural system, grounded in earthen materiality and lay-
ered system design, enhance climate resilience in Mediterranean 

coastal settlements facing water scarcity and wildfire risk?

Faro, Portugal

Humidity and lagoons

Crete, Greece

Wind + Terrain + Fire

Almeria, Spain

Drought +  Desalination



Thank you!



Type C_45 m2 

Type B_57 m2 

Type E_45 m2 

A Climate-Resilient Modular System Integrating Water Infrastructure 
and Earthen Construction in Mediterranean Coastal Settlements
Towards a resilient mediterannean future
Almeria case

AE | Architectural Engineering Studio
A3 Presentation
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First floor plan 1:250

Ground floor plan 1: 250

Cluster section
0 2 6 10

0 0.5 1.5 2.5

Type A_75 m2 

1 3 50

Type D_50 m2 
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D1

D2

D3

D4

D5 D6

D3

D1

D2

Material  | Construction study

Structural 
capacity

Earthen
Materials

Adobe

Cob block

Compressed
earth blocks

Rammed 
earth

Light clay

Hempcrete

Fire 
behaviour 

Moisture 
resistance

Thermal
performance

Optimization 
Potential 

Non-combustible

Non-combustible

Non-combustible

Non-combustible

Non-combustible

Low flame spread 

Excellent 
insulation

Excellent hygro-
thermal regulation

Very high thermal 
mass

High thermal mass

High thermal mass

Very high thermal 
mass

High – lime and 
pozzolans improve 

strength and 
durability

Moderate – fiber 
and lime improve 

cohesion

Very high – lime/
pozzolans improve 
strength & durability

Very high – lime/
pozzolans enhance 

resistance

Moderate – lime 
stabilization 

possible

Moderate – mineral 
binders essential

Compressed
earth blocks

Drying out

earth block 
completed

CO2 of the air

As the time 
goes by Earth 
blocks takes 

CO2 in and gets 
more solid

(closer to stone 
composition)

Be spalled and 
placed back to 

the groundReturn to the earth

After calcining the 
process starts again

Developes 
magnesia oxide by 
calcining sea water

Optimized
Soil + magnesia oxide + 

water

Rammed 
earth

Molding and 
compressing

Rammed earth 
masonry

Lime (Calcium Oxide (CaCO3)) 
Silicon Dioxide

Optimized 
more coherent 

moisture 
resistant

Be spalled and 
placed back to the 

ground

0.3
1.5

4.0

15

15m+

Top soil

Aeolian sand

Beach sands & 
gravels

Detrital alluvial 
-coastal deposits

Conglomerate 
-sand-silt

Pliocene marine 
marl

timber ring beam

alternative space for 
future adaptation

rotation of units can allow the attach-
ment of spaces through the openings

timber 
ring beam

the result of walls and openings allows 
the connection between units

timber 
ring beam

Material optimization

Locally available materials

D.Axo2

D.Axo1

D.Axo1D4 D5 D6

D4. Desalination tank glass cover on r.e.

1:10

1:10 1:10

1:5

1:5

Prefabrication- design possibilities | Modularity

D5. Skylight on second “butterfly” roof D6. PV panel on the roof

1

2
3

4

5

6

7
8
9
10
11
12
13
14
15

D.Axo1. Limebased binder and bolted 
steel brackets for 
s.r.e. components connection

16

17
18
19
20
21

22
23
24

25

26
27
28
29
30
31

32
33

Central water tank of the residence

Water collection- water body for 
evaporative cooling in the courtyard

Water filtration
Water filtration- pretreatment
Connecting pipe to SWRO d.w.s.

Pump

PV floor tiles

Solar desalination 
tank

Optimized 
stabilized r.e.

“Qanat” 
windcatcher

34

1.	 Breathable Mesh for bird/ animal protection
2.	 Timber 180 x 300
3.	 Timber plank 40 x 500
4.	 Curtain metal frame
5.	 Wooden window frame – skylight
6.	 Timber ring beam 180 x 300
7.	 PV panels
8.	 Plywood sheathing 30mm + 
	 Waterproofing membrane
9.	 Purlins 
10.	 Timber beam 
11.	 OSB 
12.	 Joists + Cork insulation 10 cm
13.	 Timber beam 
14.	 Wooden frame to level ceiling joists 3cm
	 Clay board and finish clay plaster 3+1 cm
15.	 Pozzolan opt. s.r.e. column 500x 500
16.	 Ventilation pipe
17.	 Clay finishing

18.	 Joists 80 x100
19.	 Preb s.r.e board
20.	 Timber beam 200 x 300
21.	  Wooden frame to level ceiling joists 3cm
Clay board and finish clay plaster 3+1 cm
22.	 Reinforced lime trass
23.	 Rammed earth wall of 60cm
24.	 Cork insulation 10cm
25.	 Plinth opening frame- beam
26.	 Clay board and finish clay plaster 3+1 cm
27.	 R.e. floor
28.	 Vapor membrane
29.	  Cork insulation
30.	 LC3 slab
31.	 Damp-proof membrane
32.	 Stone «sink» for water collection and protection
33.	 Finishing with 3% inclination
34.	 Stone foundation with lime based binder

 Section fragment 1: 25
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D7

D8

D9,10

D.Axo2 D9 D10

1:10 1:10

1:5 1:5

D7

Exploded axonometric of construction “ingrediedients”

D.Axo2. Roof hanging the extended 
beams of the balcony

D8

1
2
3
4
5

6
7
8
9
10
11
12

1.Wooden rail
2.Stone crown with 2% inclination +lime based binder+ 
In situ fabricated r.e.
3. Crushed volcanic gravel filling
4. Gutter for rain water collection
5. OSB board with waterproof membrane 2.5cm
6. Low fired mud tile covering 4cm
7. Damp-proof membrane
8. R.E. prefab panels
9. Cork insulation
10. Vapor membrane
11. CEB wall 20cm
12. Clay undercoat and finish plaster

Section - Facade fragment 1: 25




